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CONTAINER AND METHOD FOR STORING OR TRANSPORTING SPENT 

NUCLEAR FUEL 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001 ] This application claims priority to copending U.S. provisional application entitled, 

"Container and Method for Storing Spent Nuclear Fuel", having ser. No. 60/535,884, 
filed January 12, 2004, and copending U.S. provisional application entitled "Storage 
Container for Storing Spent Nuclear Fuel," having ser. no. 60/510,385, filed October 10, 
2003, which is entirely incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates to containers for storing or transporting spent 

nuclear fiiel. 

BACKGROUND 

[0003] Typically, spent nuclear fuel discharged firom fission reactors is stored in deep 

pools filled with water to dissipate heat and to attenuate the gamma and neutron radiation 
generated by the fuel. This is called a wet storage system. An alternative method to 
storing the spent nuclear fiiel is a dry storage system that uses a horizontal or vertical 
configuration having either a heavy wall protected vessel referred to as a cask or over- 
pack, or a thin walled vessel called a canister. Dry storage systems can also be used to 
transport spent fuel between storage locations. For dry storage system, the canister can be 
separately placed into the cask or over-pack. 

[0004] The structure that provides support for the spent nuclear fiiel for dry storage and 

transportation systems is referred to as a fiiel basket. The fiiel baskets are designed to 
meet the compressive loads criteria contained within regulations, codes, and standards, 
particularly conditions for storing and transporting nuclear spent fiiel. Dry storage and 
transportation basket designs include a tube and disk flux trap configuration, an egg crate 
interlocking plate configuration, a developed cell configuration and a stacked tube 
configuration. 
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SUMMARY 

[0005] Disclosed are apparatus and methods for making a container that stores spent 

nuclear fuel. In one embodiment, among others, a container for storing spent nuclear fuel 
comprises a plurality of elongated tubes that receives spent nuclear fiiel rods. Each tube 
has four sidewalls and four comers defining a rectangular cross section. The plurality of 
tubes is arranged in an altemating pattern. An attachment means attaches together the 
plurality of tubes at the comers so that two adjacent sidewalls of adjacent tubes are 
substantially aligned. 

[0006] In another embodiment, a container for storing spent nuclear fuel comprises a 

plurality of tubes, a plurahty of first rods, and one or more pins. The plurality of tubes 
receives spent nuclear fuel assemblies. The plurality of first rods has openings and is 
mounted on the plurality of tubes. The first rods are aligned so that one or more pins 
extend through the openings of the first rods linking the tubes together. 

[0007] In another embodiment, a container for storing or transporting spent nuclear fuel 

comprises a plurality of tubes and a plurality of first rods. The plurality of tubes receives 
nuclear spent fuel assemblies and the tubes are adjacent to each other. The plurality of 
tubes has a plurality of recesses that receives the plurality of first rods. Some of the 
plurality of first rods mounted in the recesses of the adjacent tubes are attached to others 
of the plurality of first rods linking the tubes together. 

[0008] In another embodiment, a container for storing spent nuclear fuel comprises a 

plurality of elongated tubes and a plurality of first rods. The plurality of elongated tubes 
receives spent nuclear fiiel rods. Each tube has four sidewalls and four comers defining a 
rectangular cross section. The plurality of tubes is arranged in an altemating pattern. The 
tubes have a plurality of recesses and a plurality of flat bearing surfaces along at least one 
comer of the tubes. The plurality of first rods is mounted in the plurality of recesses at 
the comers of the plurality of the tubes. Some of the plurahty of first rods mounted on 
the adjacent tubes are attached to others of the plurality of first rods linking the tubes 
together. The plurality of the tubes is linked at the comers such that the plurality of flat 
bearing surfaces of the adjacent tubes engages each other and the two adjacent sidewalls 
of the adjacent tubes are aligned. 
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[0009] The invention can also be construed as providing an attachment mechanism for a 

tube assembly that stores or transport spent nuclear fuel. The attachment mechanism 
includes one or more pins and a plurality of first rods being moimted on a plurality of 
tubes. The first rods have openings and are aligned so that the one or more pins extend 
through the openings of the plurality of first rods. 

[0010] Further, the invention can be construed as providing a method of making a 

container for storing or transporting spent nuclear fuel. Such a method can be broadly 
summarized by the following steps: forming one or more recesses on a plurality of tubes, 
mounting a plurality of first rods in the recesses of the plurality of tubes, placing the 
plurality of tubes adjacent to each other, aligning the plurality of first rods, and inserting 
one or more pins through the ahgned openings of the plurality of first rods to link the 
plurality of tubes. 

[001 1] Other apparatus, methods, features, and advantages of the present disclosure will 

be apparent to one skilled in the art upon examination of the following drawings and 
detailed description. It is intended that all such additional apparatus, methods, features, 
and advantages be included within this description and be protected by the accompanying 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The disclosed apparatus and methods can be better understood with reference to 

the following drawings. The components in the drawings are not necessarily to scale. 

[001 3] FIG. 1 is a perspective view of an embodiment of a container with the txibe 

assembly inside the container. 

[0014] FIG. 2 is a side view of an embodiment of tube 2 shown in FIG. 1 . 

[001 5] FIG. 3 is a side view of an embodiment of tube 4 shown in FIG. 1 . 

[0016] FIG. 4 is an exploded cross section view along line AA of the container shown in 

FIG. 1. 

[001 7] FIG. 5 is a partial top view of an embodiment of adjacent tubes in the container 

shown in FIG. 1 . 

[001 8] FIG. 6 is a partial side view at the top comers of an embodiment of adjacent tubes 

in the container shovm in FIG. 1 . 
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[0019] FIG. 7 is a partial side view at the bottom comers of an embodiment of adjacent 

tubes in the container shown in FIG. 1 . 
[0020] FIG. 8 is a partial cross section exploded view of adjacent tubes shown in FIG. 1 

at the comers of the adjacent tubes. 
[0021] FIG. 9 is a partial cross section exploded view of adjacent tubes shown in FIG. 1 

at the comers of the adjacent tubes when the tubes are linked together. 
[0022] FIG. 10 is a flow diagram that illustrates an embodiment of the process of making 

the container. 

DETAILED DESCRIPTION 

[0023] Disclosed are apparatus and methods for a container that stores or transport spent 

nuclear fuel. The apparatus and methods can be used in both the wet and dry storage or 
transportation systems. In particular, the spent nuclear fuel is stored in a container that 
includes a plurality of tubes being adjacent to each other. Exemplary containers are 
discussed with reference to the figures. Although the exemplary containers are described 
in detail, they are provided for purposes of illustration only and various modifications are 
feasible. After the exemplary containers have been described, examples of operation are 
provided to explain the manner in which the containers are made. 

[0024] Referring now in more detail to the figures in which like reference numerals 

identify corresponding parts, FIG. 1 is a perspective view of an embodiment of a 
container 10 with a tube assembly inside the container 10 that stores spent nuclear fuel. 
As indicated in this figure, the container 10 includes a plurality of elongated tubes 2, 4, 6, 
7 that links together to form a tube assembly. The elongated tubes 2, 4, 6, 7 include four 
sidewalls and four comers that can be arranged to form a square-like or rectangular-like 
cross section. In alternative embodiments, the tubes can be arranged in other geometric 
shapes, e.g., circle, triangle, heptagon, hexagon and octagon. 

[0025] The tubes are mounted with first rods (not shown) or second rods (not shown) or 

both. Preferably, the first rods are cylindrical and have openings that are located about 
the center diameter and along the length of the first rods. The second rods are cylindrical 
and have no openings. The first rods enable the tubes 2, 4, 6, 7 to be linked together. 
The first rods and the second rods facihtate horizontal design load transfer through the 
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tube assembly and provide structural stability during the tube assembling and handling 
activities. In an altemative embodiment, the first rods and second rods can be in other 
geometric shapes, e.g., triangle, hexagon, and octagon. The first rods and second rods are 
fiirther discussed with reference to FIGS. 2-7. 

[0026] Referring to FIG. 1, the tubes are referenced differently because the tubes 2 are 

mounted with the first rods and second rods at the four comers of the tubes 2. The tubes 
4 are mounted with the first rods at the comers of the tubes 4 but are not mounted with 
the second rods. The tubes 6 are mounted with the first rods and second rods at the three 
comers that are adjacent to the tubes 4, 7. The fourth comers of the tubes 6 that are 
adjacent to the wall of the container 10 are not mounted with the first rods and second 
rods. The tubes 7 are mounted with the first rods and second rods at the two comers that 
are adjacent to tubes 2, 6. The other two comers of the tubes 7 are not moxmted with the 
first rods and second rods. The first and second rods are preferred to be mounted in 
recesses at the comers of one tube and engage the recesses of the adjacent tube. The 
recesses and rods are fiirther discussed with reference to FIGS. 5-7. 

[0027] Referring to FIG. 1, the tubes 2, 4, 6, 7 are linked at the comers of the tubes in 

alternating patterns to form a developed cell 5. Alternatively, the tubes 2, 4, 6, 7 can be 
linked in series along a row or column wherein the sidewalls of the tubes 2, 4, 6, 7 are 
adjacent to each other. Alternatively, if the tubes are in another geometric shape, e.g., a 
hexagon, the tubes can be linked to form a honeycomb-shaped tube assembly wherein the 
sidewalls of the tubes are adjacent to each other. 

[0028] FIG. 2 is a side view of the tube 2 shown in FIG. 1 . The tube 2 includes first rods 

8, 12, 16, 18. It should be noted that the tube 2 has four more first rods on the other side 
of the tube 2 that are not shown. Thus, the tube 2 includes four first rods adjacent to the 
top comers of the tube 2 and four first rods adjacent to the bottom comers of the tube 2. 
The tube 2 fiirther includes at least one second rod 14 between the top and bottom comers 
of the tube 2. For example, sixteen second rods 14 are mounted along the two comers of 
the tube 2 shovm in FIG. 2. The two comers of the tube 2 not shown in FIG. 2 can be 
mounted with second rods 14, sixteen in this example. The first and second rods are 
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preferred to be mounted in the recesses at the comers of the tube 2 and engage the 
recesses at the comers of the adjacent tubes 4, 7, 

[0029] FIG. 3 is a side view of the tube 4 shown in FIG. 1 . The tube 4 includes first rods 

20, 22, 24, 26. It should be noted that the tube 4 has four more first rods on the other side 
of the tube 4 that are not shown. Thus, the tube 4 includes four first rods adjacent to the 
top comers of the tube 4 and four first rods adjacent to the bottom comers of the tube 4. 
The tube 4 does not include any second rods between the top and bottom comers of the 
tube 4. The first rods are preferably mounted in the recesses adjacent to the top and 
bottom comers of the tube 4. The recesses along the comers of the tube 4 engage the first 
and second rods mounted on the adjacent tubes 2, 6. 

[0030] The tubes 6, 7 are not shown in the FIGS. 2 and 3. However, it should be noted 

that the tube 6 includes first rods at the three comers adjacent to the tubes 4, 7. The tube 
6 includes three first rods adjacent to the top comers of the tube 6 and three first rods 
adjacent to the bottom comers of the tube 6. The tube 6 fiirther includes second rods 28 
(shown in FIG. 4) along the three comers of the tube 6. The fourth comer of the tube 6 
that is adjacent to the wall of the container 10 is not mounted with any first and second 
rods. The first and second rods are preferred to be mounted in the recesses at comers of 
the tube 6 and engage the recesses at the comers of the adjacent tubes 4, 7. 

[0031] The tube 7 includes first rods at the two comers adjacent to the tubes 2, 6. The 

tube 7 includes two first rods adjacent to the top comers of the tube 7 and two first rods 
adjacent to the bottom comers of the tube 7. No first rods are mounted on the two 
comers of the tube 7 that are not adjacent to the tubes 2, 6. Further, no second rods are 
mounted on the tube 7. The first rods are preferred to be moxmted in the recesses adjacent 
to the top and bottom comers of the tube 7. The recesses along the comers of the tube 7 
engage the first and second rods movmted on the adjacent tubes 2, 6. 

[0032] In an altemative embodiment, the first rods can be mounted not only at the comers 

adjacent to the top and bottom of the.tubes 2, 4, 6, 7 but anywhere along the comers of 
the tubes. The first rods can further be mounted on the sidewalls of the tubes. In 
addition, the second rods can be mounted on any tubes 2, 4, 6, 7, and anywhere along the 
comers of the tubes and/or to the sidewalls of the tubes. 
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[0033] FIG. 4 is an exploded cross section view along line AA of the container 10 shown 

in FIG. 1 having a plurality of tubes 2, 4, 6, 7. The tubes are not adjacent to each other to 
illustrate the tubes movinted with and without second rods. The tubes 2 include one or 
more second rod 14 at the comers of the tube 2. The tubes 4, 7 do not include any second 
rods at the comers of the tubes 4. The tubes 6 include one or more second rod 28 at three 
comers of the tubes 6. The fourth comers of tubes 6 adjacent to the wall of the container 
10 do not include any second rods. In short, one set of tubes 4, 7 are not mounted with 
second rods and the other set of tubes 2, 6 are mounted with second rods. When the tubes 
are linked together to form a tube assembly, the second rods mounted on the tubes 2, 6 
engage the comers of the tubes 4, 7. Preferably, the second rods are mounted in the 
recesses of the tubes 2, 6 and engage the recesses of the tubes 4, 7 when the tubes are 
linked together. 

[0034] In an altemative embodiment, the second rods can be moxmted on any of the tubes 

2, 4, 6, 7 anywhere along the comers of the tubes. For example, the second rod is 
mounted on a first tube at a first location along the comer of the first tube. Another 
second rod is mounted on a second tube at a second location along the comer of the 
second tube. When the first tube and the second tube are linked together, the second rod 
mounted at the first location engages the comer of the second tube and the other second 
rod mounted at the second location engages the comer of the first tube. 

[0035] Preferably, the tubes 2, 4, 6, 7 are arranged in alternating patterns to be linked at 

the comers of the tubes 2, 4, 6, 7 creating a developed cell 5. For example, the tube 4 in 
column C, row C is adjacent at two comers to a comer of the tube 6 in column B, row B 
and to a comer of the tube 2 in column D, row B. The tube 7 in column C, row A is 
adjacent at two comers to another comer of the tube 6 and to another comer of the tube 2. 
This arrangement of the tubes can be linked together at the comers of the tubes 2, 4, 6, 7 
to create the developed cell 5 in column C, row B. The linking of the tubes is further 
discussed with reference to Figs. 5-7. 

[0036] In an altemative embodiment, the tubes 2, 4, 6, 7 can be arranged such that the 

sidewalls of the tubes 2, 4, 6, 7 are adjacent to each other. For example, the tubes can be 
arranged in series along a row or a column in the container 10. Referring to FIG. 4, the 
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tube 7 in column C, row A can be adjacent to another tube (not shown) in column D, row 
A, which in turn is adjacent to the tube 7 in column E, row A. In another example, the 
tubes can be in a hexagonal shape in which the tubes can be linked to form a honeycomb- 
shaped tube assembly wherein the sidewalls of the tubes are adjacent to each other. In 
both examples, the first rods linking the tubes 2, 4, 6, 7 can be mounted on the comers or 
the sidewalls of the tubes. 

[0037] FIG. 5 is a partial top view of the tubes 2, 4. The tubes 2, 4 include one or more 

poison materials 30 that are attached to the inner sidewalls of the tubes 2, 4. A recess 32 
is formed at the comer adjacent to the top of the tube 2 and a recess 34 is formed at the 
comer adjacent to the top of the tube 4. The recesses 32, 34 are mounted with first rods 
8, 12, 20, 22. The first rod 8, 12 is mounted in the recess 32 of the tube 2 slightly above 
the first rod 20, 22 mounted in the recess 34 of the tube 4 such that the openings 36, 38 of 
the first rods 8, 12, 20, 22 are axially aligned. A pin (not shown) is inserted through the 
openings 36, 38 of the first rods 8, 12, 20, 22 of the adjacent tubes 2, 4 to Hnk the tubes 
together. The first rod 8, 12 of the tube 2 engages the recess 34 of the tube 4 and the first 
rod 20, 22 of the tube 4 engages the recess 32 of the tube 2. The first-rod-and-pin 
arrangement is further discussed with reference to Figs. 6 and 7. 

[0038] It should be noted that the bottom comers of the tubes 2, 4 include the features 

that were mentioned above with reference to FIG. 5. For example, first rods 16, 18, 24, 
26 are mounted in the recesses formed adjacent to the bottom comers of the tubes 2, 4. 
The first rod 16, 18 is moxmted in the recess 46 of the tube 2 slightly above the first rod 
24, 26 mounted in the recess 48 of the tube 4 such that the openings 52, 54 of the first 
rods 16, 18, 24, 26 are axially aligned. A pin is inserted through the openings 52, 54 of 
the first rods 16, 18, 24, 26 of the adjacent tubes 2, 4 to link the tubes together. The first 
rod 16, 18 of the tube 2 engages the recess 48 of the tube 4 and the first rod 24, 26 of the 
tube 4 engages the recess 46 of the tube 2. It should be noted that tubes 2 are further 
linked to the adjacent tubes 7 and tubes 4 are further linked to adjacent tubes 6 in the 
same manner as described above. 

[0039] In addition, the tubes 6, 7 (not shown in FIG. 5) include the features that were 

mentioned above with reference to FIG. 5. The tube 6 includes recesses at the three 
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comers adjacent to the tubes 4, 7. Preferably, three first rods are mounted in the recesses 
at the three comers adjacent to the top of the tube 6 and three first rods are mounted in the 
recesses at the three comers adjacent to the bottom of the tube 6. The fourth comer of the 
tube 6 that is adjacent to the wall of the container 10 does not include any recesses and 
first rods. The first rods of the tubes 6, 4, 7 include openings that can be axially aligned 
so that a pin extends through the openings of the first rods linking the tube 6 to the 
adjacent tubes 4, 7 together. 

[0040] The tube 7 includes recesses at two comers adjacent to the tubes 2, 6, preferably 

two first rods are mounted in the recesses at the two comers adjacent to the top of the 
tube 7 and two first rods are mounted in the recesses at the two comers adjacent to the 
bottom of the tube 7. The other two comers not adjacent to the tubes 2, 6 do not include 
any recesses and first rods. The first rods of the tubes 2, 6, 7 include openings that can be 
axially aligned so that a pin extends through the openings of the first rods linking the 
tubes 7 to the adjacent tubes 2, 6 together. 

[0041] The recesses can be formed anywhere along the comers of the tubes 2, 4, 6, 7 and 

can be mounted with first rods and/or second rods. Preferably, the recesses adjacent to 
the top and bottom comers of the tubes 2, 4, 6, 7 are mounted with the first rods as 
mentioned above. The recesses between the top and bottom comers of the tubes 2, 6 
receives the second rods 14, 28. When the tubes 2, 4, 6, 7 are linked together, the second 
rods 14, 28 mounted on the tubes 2, 6 engage the recesses of the tubes 4, 7. 

[0042] By coupling the first rods and second rods in the recesses, the sidewalls of the 

tubes can be aligned in a substantially straight line to the sidewalls of the tubes. This 
enables the tube assembly to distribute the horizontal bearing load transfer through the 
sidewalls of the tubes to the container walls. An advantage, among others, is that the 
distribution of load to the sidewalls decreases the use of welding and tube wall materials 
needed to bear the large compressive loads set forth in the regulations and codes for spent 
nuclear fiiel containers. The distribution of the load to the sidewalls eliminates the stress 
and high moments directly on the welds that could be used to join the adjacent tubes 
because the sidewalls, rods, and recesses transmit the compressive loads. 
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Preferably, the recesses are semi-circular to receive the cylindrical shaped first and 
second rods. In an alternative embodiment, the recesses can be formed to receive the 
different geometric shapes of the first rods and the second rods. For example, if the rods 
are in a hexagonal shape, the recess can be formed to receive three of the six sidewalls of 
the hexagonal rods. In another altemative embodiment, the recesses can be formed on the 
sidewalls of the tubes 2, 4, 6, 7 and are moimted with first rods and/or second rods. 

FIG. 6 is a partial side view that shows an attachment mechanism of the tube 
assembly at the top comers of the tubes 2, 4. The attachment mechanism includes first 
rods 8, 12, 20, 22 and a pin 40. The first rods 8, 12, 20, 22 can be mounted in the 
recesses 32, 34 that are formed at the comers adjacent to the top of the tubes 2, 4. The 
first rods 8, 12, 20, 22 are positioned along the recesses 32, 34 of the tubes 2, 4 so that the 
first rods can be aligned to extend the pin 40 through the openings 36, 38 of the aligned 
first rods to link the adjacent tubes 2, 4. The pin 40 can include a head portion 42 and a 
body portion 44. The body portion 44 of the pin 40 extends through openings 36, 28 of 
the first rods 8, 12, 20, 22. The head portion 42 is placed adjacent to the first rod 8, 12 
and the recess 32 of the tube 2, and can be welded to or otherwise captured by the first 
rod 8, 12 and the recess 32 of the tube 2. Thus, the pin 40 may be captured by one tube, 
which in this example, is tube 2. 

FIG. 7 is a partial side view that shows an attachment mechanism at the bottom 
comers of the tubes 2, 4. The attachment mechanism includes first rods 16, 18, 24, 26 
and a pin 50. The first rods can be mounted in the recesses 46, 48 that are formed at the 
comers adjacent to the bottom of the tubes 2, 6. The first rods 16, 18, 24, 26 are 
positioned along the recesses 46, 48 of tubes 2, 4 so that the first rods can be aligned to 
extend the pin 50 through the openings 52, 54 of the aligned first rods to link the adjacent 
tubes 2, 4. The pin 50 can include a head portion 56 and a body portion 58. The body 
portion 58 of the pin 50 extends through openings 52, 54 of the first rods 16, 18, 24, 26. 
The head portion 56 is placed adjacent to the first rod 24, 26 and the recess 48 of the tube 
4, and can be welded to or otherwise captured by the first rod 24, 26 and the recess 48 of 
the tube 4. Thus, the pin 50 may be captured by one tube, which in this example, is tube 
4. 
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The attachment mechanism discussed with reference to FIGS. 6 and 7 can be 
placed anywhere along the comers of the tubes 2, 4 and can link the tubes to each other to 
form a tube assembly. The attachment mechanism facilitates horizontal bearing load 
transfer through the tube assembly to the container walls and provides the flexibility for 
linking the tubes 2, 4, 6, 7 in a continuous array across the tube assembly. Further, the 
tube assembly can be handled external to the container 10 as a unit rather than as 
individual pieces. 

FIG. 8 is a partial cross section view of the tubes 2, 4 that includes flat bearing 
surfaces 60, 62 formed along the comers of the tubes 2, 4 where the recesses 32, 34, 46, 
48 are not formed. The tubes are not adjacent to each other to better illustrate the flat 
bearing surfaces 60, 62. FIG. 9 is a partial cross section view that shows the flat bearing 
surface 60 of the tubes 2 engaging the flat bearing surface 62 of the tubes 4 when the 
tubes 2, 4 are linked. 

When the tubes 2, 4 are linked together, the flat bearing surfaces 60, 62 can 
facilitate aligning the sidewalls of the tube 2 in a substantially straight line to the 
sidewalls of the tube 4. For example, sidewall 64 of the tube 4 is aligned in a 
substantially straight line with sidewall 66 of the tube 2. Sidewall 70 of the tube 4 is 
aligned in a substantially straight line with sidewall 68 of the tube 2. This facilitates 
horizontal bearing load transfer through the tube assembly to the container walls. It 
should be noted that the tubes 2, 4, 6, 7 include flat bearing surfaces at the comers of the 
respective tubes. 

FIG. 10 is a flow diagram that illustrates an embodiment of the process 72 of 
making the container for storing spent nuclear fuel. Beginning with block 74, one or 
more recesses are formed on the plurality of tubes, preferably at the comers of the tubes. 
In an alternative embodiment, the recesses can be formed on the sidewalls of the tubes. 

In block 76, the recesses can be mounted with the first rods or second rods or 
both. Preferably, the second rods are mounted on one set of tubes and no second rods are 
mounted on another set of tubes. In block 78, one or more flat bearing surfaces are 
formed along the comers of the tubes, preferably where the recesses are not formed. The 
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flat bearing surfaces of the tubes are adjacent and can engage each other when the tubes 
are hnked. 

[005 1 ] In block 80, a plurality of tubes is placed adjacent to each other, preferably along 

the comers of the tubes such that the sidewalls of the tubes are aligned in a substantially 
straight line. Further, it is also preferable to place four tubes in alternating patterns to 
create a developed cell. In an alternative embodiment, the tubes can be arranged such 
that the sidewalls of the tubes are adjacent to each other. For example, if the tubes are 
shaped in a rectangular cross section, the rectangular tubes can be arranged in series. If 
the tubes are shaped in a hexagonal cross section, the hexagonal tubes can be arranged in 
a honeycomb formation. 

[0052] In block 82, the first rods of the adjacent tubes are ahgned. In block 84, one or 

more pins are inserted through the openings of the aligned first rods. In block 86, the pin 
can be welded to or otherwise captured by the first rods of one of the adjacent tubes. 

[0053] It should be emphasized that the above-described embodiments of the present 

disclosure, particularly any "preferred" embodiments, are merely possible examples of 
implementations, set forth only for a clear understanding of the principles of the 
disclosure. Many variations and modifications may be made to the above-described 
embodiment(s) of the disclosure without departing substantially from the principles of the 
disclosure. All such modifications and variations are intended to be included herein 
within the scope of this disclosure protected by the following claims. 
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